The method for assaying chicken interferon by its inhibition of viral ribonucleic acid (RNA) synthesis was optimized for the chicken embryo fibroblastSemliki Forest virus (SFV) system, with respect to time, multiplicity of infection, and addition of actinomycin D and 3H-uridine 
with primary 48-hr monolayers in 50-mm Nunclon dishes; the 10-day-old White Leghom embryos were treated with 0.125% trypsin (Nutritional Biochemicals, Cleveland, Ohio) and dispersed in 5 ml of medium 199-Hanks balanced salt solution (BSS) containing 10% calf serum (Italdiagnostic, Milan, Italy), 0.112% NaHCO3, 100 units of penicillin (Mycofarm, Delft, Holland), and 0.1 mg of streptomycin (Mycofarm) per ml, at a concentration of 1.25 x 106 cells/ml. Cultures were aerated with 7.5 liters of air and 0.4 liter of CO2 per min at 37 C.
Virus and infection. 
RESULTS
Results of optimization. A routine assay based on quantitative inhibition of incorporation of radioactivity into viral RNA should exhibit a large range between full inhibition and maximal uptake of label. We therefore optimized the system first; CEF and SFV were arbitrarily selected, because this combination is known to be especially sensitive to IF.
(i) Minimal actinomycin concentration blocking host RNA biosynthesis. Virtually no label is incorporated into uninfected host RNA at 1 gg of actinomycin/ml, whereas at lower concentrations uptake is measurable. In infected cells, incorporation could be observed at all actinomycin concentrations tested, but there was no release of labeled material into the culture fluid at 1 or 2 ,ug/ml. SFV replication, therefore, seems to be affected by actinomycin, at least during the stage of release or maturation, and it was decided to work only with cell sheets and not with supernatant culture fluid, and to add not more than 1 ,ug of actinomycin/ml.
(ii) Time of actinomycin addition. The regular maximum of incorporation at t,5 is consistently higher if actinomycin is added after infection instead of before. For this reason actinomycin (1 ,ug/ml) was added as late as possible-the exact time of addition depending upon the time lag between addition and activity of actinomycin, the time of the 3H-uridine addition, and this, in turn, of the incorporation activity into viral RNA in the course of the replication cycle.
(iii) Onset of actinomycin activity. 3H-Uridine (4 ,Ci) was added to uninfected cell cultures; some cultures were rapidly cooled at different times thereafter on an ice-CaCl2 mixture, others received 1 tig of actinomycin per ml 2 hr after the label. Incorporation started within a few minutes and stopped immediately after addition of actinomycin. This means that actinomycin can be added as late as 0.5 hr before the label.
(iv) Time course of incorporating activity in infected cells, determination of multiplicity and choice of maintenance medium. Cells were infected at to for 1.5 hr with SFV at multiplicities of 0.1 and 0.01. The virus suspension was replaced by 5 ml of fresh medium, either BSSalbumin or MEM-10% calf serum. Actinomycin (1 ,ug/ml) was added at various times after infection for a 2.5-hr period. Half an hour later, cells were exposed to 2 ,uCi of 3H-uridine for a period of 2 hr. Harvesting occurred hourly from t, to t14, and culture fluids were titrated in a cumulative plaque assay. higher with the richer maintenance medium (curves 1 and 2) (4). A biphasic activity appears, representing probably a first and a second replication cycle due to low input multiplicities. The times of the maxima are, however, not clearly dependent upon multiplicity or medium. All this is reflected by the cumulative infection titers (not shown). Apparently, release of SFV into the medium is not disturbed with short exposures to actinomycin (2.5 hr) and rich media. Other experiments give evidence that the time of presence of infecting virus is not critical within the range of 0.5 to 2 hr and that the optimal serum concentration in the maintenance medium is 5%. The above mentioned experiments led to the following conclusions: (1) to replace the infecting virus suspension after 1 hr with MEM-5% serum (tQ); (2) to use a multiplicity of 0.1, a dilution which is still economical for use in a routine assay and avoids a virus purification step; and (3) to add 3H-uridine at t3, the time at which replication of SFV-RNA becomes measurable, and actinomycin at t2.5.
(v) Dependence of incorporation upon concentration of label, logarithmic phase and end point. The aim was to determine the minimal radioactivity yielding a well measurable incorporation, an exponential, or at least a linear incorporation rate and all at a reasonable price. Cells were infected with a multiplicity of 0.1. MEM was added at t,.,, 1 ug of actinomycin per ml at t2.5, and 2, 5, and 10 tsCi at t,. All curves show exponential kinetics ( Fig. 2) and can be transformed to straight lines on semilog paper; therefore, radioactivity is not limiting in this range. Dose and incorporation are proportional (Fig. 2 inset) . Incorporation starts deviating from exponential kinetics after the ninth hour and reaches its maximum height when the label is given at t3 and not later.
It was therefore decided: (i) to stop incubation at t, and (ii) to use routinely 3 ,uCi of 3H-uridine per culture at t3, which leads to an incorporation into acid-insoluble material in the order of 30,000 to 60,000 counts per min per culture per 6 hr.
(vi) Incorporation and temperature (not shown). After an infection period of 1 hr with a multiplicity of 0.1, the incubation temperature was shifted to 25, 30, 33.5, and 37 C. No clear difference in incorporation could be detected between 33.5 and 37 C, and the latter temperature was chosen for further work.
Inhibition with additions other than IF. Experiments to find conditions for additional incorporation of 3H-uridine were unsuccessful and showed either no effect or an inhibiting effect. Simultaneous addition of cold adenosine, cytidine, guanosine, and uridine between 2 and 30 ug/ml each (isotope dilution) moves the incorporation curves to the right. In other words, the rate constants remain unchanged, but the apparent time of onset of synthesis (intercept with time axis) is delayed (not shown). Addition of Cd2+ (10-4-10-6 M), Mn2+ (10-3-10-4 M), and Zn2+ (10-4-10-M) at t3 resulted in a marked and early deviation from the exponential incorporation rate, whereas the addition of Cu2+, Fe3+, Mg2+ had no meaningful effect. Adding a mixture of amino acids up to a concentration of three times that of MEM or various substrates of the citric acid cycle was also not clearly effective.
Results of the RNA reduction test with IF. Based upon the forementioned results, the best experimental design for an IF assay in the CEF-SFV system can be proposed as follows: to-, add IF; to, infect with SFV at a multiplicity of 0.1 in 1 ml of BSS-albumin for 1 hr at 37 C; t1, replace with 5 ml of MEM-5% serum, 37 C; t2.,, add 1 ug of actinomycin D/ml in BSS-albumin; t8, label with 0.6,Ci of 3H-uri- 
DISCUSSION
In this optimized system, the incorporation of 3H-uridine into SFV-RNA, within the same set of CEF cell cultures, is highly reproducible, resulting in a deviation of not more than 5% of the mean. The base line is given by the counts per minute in acid-precipitable material of uninfected, actinomycin-treated controls; it lies on a lower level than the values of pretreatment with the highest concentration of IF.
Linear regression curves evolve by plotting the log,0 of the IF concentration versus counts incorporated, the slopes of which are dependent upon time of pretreatment with IF (up to about 6 hr). With a 4-hr pretreatment, the linear range extends from about 85 to 10%o of the control; this corresponds to 0.25 to 4.5 units/ml. Beyond these extremes the curve becomes flattened. Plaque tests and RNA reduction tests give the same results for the same period of pretreatment; however, the principal advantages of the latter are the relatively short duration and the ease of performance. After infection, a minimum of only 13 to 14 hr is needed. In the case of MM virus, used by Allen and Giron (1), this delay was even more favorable (8-9 hr). Sensitivity and reproducibility are in good agreement with other assay procedures, in that 0.05 units can be detected. Standard deviation of the mean for titrations on different days of our standard preparation was about 20%. This compares well to the results of Allen and Giron (1), 21.5%, and favorably to other assay procedures (plaque test, 30% [5] ; quantitative hemadsorption, 39% [2] ; dye uptake method, 45% [3] ; all expressed in terms of log10 test5O units).
Theoretically, all pretreatment times long enough to show an activity should be allowed. However, we prefer long pretreatments for detection of small quantities or for qualitative assays in the course of fractionation.
There is no need for immediate processing; after the test period washed monolayers without medium can simply be stored at -20 C.
